Optimized plasmid systems for the incorporation of multiple different unnatural amino acids by evolved orthogonal ribosomes.
Incorporation of multiple different unnatural amino acids into the same polypeptide remains a significant challenge. Orthogonal ribosomes, which are evolvable as they direct the translation of a single dedicated orthogonal mRNA, can provide an avenue to produce such polypeptides routinely. Recent advances in engineering orthogonal ribosomes have created a prototype system to enable genetically encoded introduction of two different functional groups, albeit with limited efficiency. Here, we systematically investigated the limiting factors of this system by using assays to measure the levels and activities of individual components; we identified Methanosarcina barkeri PylRS as a limiting factor for protein yield. Balancing the expression levels of individual components significantly improved growth rate and protein yield. This optimization of the system is likely to increase the scope of evolved orthogonal ribosome-mediated incorporation of multiple different unnatural amino acids.